INTRODUCTION
Homologous recombination is an important mechanism for the repair of damaged chromosomes, for preventing the demise of damaged replication forks, and for several other aspects of chromosome metabolism and maintenance. The homologous recombination reaction is mediated by the Rad51 recombinase. In the presence of ATP, Rad51 polymerizes on single-stranded DNA (ssDNA) to form a nucleoprotein filament that is commonly referred to as the "presynaptic filament." The presynaptic filament is capable of locating a homologous duplex DNA molecule and catalyzing invasion of the duplex to form a DNA displacement loop called the "D-loop." This protocol describes an in vitro D-loop assay that uses a radiolabeled ssDNA oligonucleotide and a nonlabeled homologous supercoiled duplex DNA as substrates, and agarose gel electrophoresis together with PhosphorImaging for product analysis. To enhance the efficiency of the D-loop reaction, an ancillary factor (the Hop2-Mnd1 complex or Rad54) is included in the reaction. This reconstituted system provides researchers a biochemical means to dissect the mechanisms of the homologous recombination machinery. Purify Hop2-Mnd1 complex as described by Chi et al. (2007) .
METHOD
Purify Rad54 as described by Sigurdsson et al. (2002) .
Recombinant human Rad51, purified (5-10 µM)
Purify as described by Sigurdsson et al. (2001) . ii. Add purified Rad51 to a final concentration of 1 µM.
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iii. Add 32 P-labeled oligonucleotide D1 prepared in Step 1 to a final concentration of 3 µM nucleotide.
iv. Add H 2 O to a final volume of 11 µL.
4.
Incubate the reactions for 5 min at 37°C to assemble the Rad51-ssDNA presynaptic filament.
For each reaction:
Option I i. Add 0.5 µL of Hop2-Mnd1 (250 nM final concentration).
ii. Incubate for 1 min at 37°C.
iii. Initiate the reaction by adding 1 µL of pBluescript SK DNA (600 µM of base pairs). Incubate at 37°C.
Option II
iv. Add 0.5 µL of Rad54 (250 nM final concentration).
v. Incubate for 1 min at 25°C.
Rad54 rapidly becomes inactivated at 37°C.
vi. Initiate the reaction by adding 1 µL of pBluescript SK DNA (600 µM of base pairs). Incubate at 25°C.
For optimal efficiency, human Rad54 necessitates the use of the rad51 K133R mutant (Sigurdsson et al. 2002) or specialized conditions that stabilize the Rad51 presynaptic filament (Mazina and Mazin 2004) . Hop2-Mnd1 is much more versatile in this regard.
6. Prepare a solution that contains 10% SDS and 10 mg/mL of proteinase K. Withdraw 6 µL of the reactions at the desired times (typically 2 min and 5 min). Mix each aliquot with 0.8 µL of the SDS/proteinase K solution.
7. Incubate the reaction mixtures for 5 min at 37°C.
8.
Mix the deproteinized reaction mixtures with 2 µL of agarose gel loading buffer.
9.
Resolve the mixtures in a 0.9% agarose gel in TAE buffer at 130 mA for 90 min at 25°C.
10. Sandwich the gel between two stacks of 20 paper towels. Place a Plexiglas or glass plate and a heavy lead weight on top of the stack for 5 min.
11. Dry the compressed gel onto Whatman DE81 chromatography paper using a gel dryer for 1 h at 80°C.
12.
Expose the dried gel to a phosphor screen for the appropriate length of time (typically 5 h). Analyze using a PhosphorImager.
The D-loop product appears as a band that migrates much more slowly than the radiolabeled oligonucleotide substrate.
See Troubleshooting.
TROUBLESHOOTING
Problem: D-loop product formation is poor.
[
Step 12] Solution: Consider the following:
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